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capacitively coupled, rf glow discharge of silane in argon was." ~studied with laser light scattering to determine the spatial concentration ..-

of small particles. Multi-wavelength scattering profiles have been obtained
and are being analyzed to obtain size distributions as a function of spatial
location. Very sharply defined particle Zones can be found under some
plasm conditions that are spatially related to the silicon atom profiles.
.e will report our results and attempt to qualitatively describe how these
zones relate to plasma chemistry and film deposition procees. ' A-00
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ABSTRACT

A capacitivelY coupled, rf Slow discharge @1 ailane in argon was
studied with laser light scattering to determine the spatial concentration
of small particle$. IMalti-waveleagth scattering profiles have been obtained
and are being analyzed to obtain size distributions as a function of spatial
location. Very sharply defined particle zone can be found under so=
plasma conditions that are spatially related to the silicon atom profiles.
We will report our results and attempt to qualitatively describe how these
zones relate to plasma chemistry and file deposition processes.

INTRODUCTION

The existence of particle light scattering in silane plasmas is a
recognized phenomenon (1.2.31 that has yet to be understood and correlated
with film formation properties. In this papar, we present results from
spatially resolved studies of particle light scattering in a capacitively
coupled rf glow discharge of silane. Wde have made an earlier report [141 on
our light scattering results and In this paper we will briefly summarize
those results and provide new data on particle Light scattering and its
relation to silicon atom fluorescence signals.

The apparatus is Identical to the system described In our accompanying
papar [5]. We have used beth 500.0 and 251.4 ns radiation itn various inde-
pendent light scattering experiments, bet without a direct comparison in
the sees experiment. The scattered light es detected at 906 through a
monochromator and the Input polarization optimized the scattered light
intensity when it ems perpendicular to the plans containing the input and
scattered rays. The scattered intensity vas a great deal larger than
atomic emission from silicon &to~w which ems also excited simultaneously in
some experiments at 251.4 n. It was possible to use the resolved fluores-
cence emission line at 252.85 nn to study fluorescence without interference
from large light scattering signals at the 23t.43 n excitation. Polarized
Light scattering could also be rejected by propar polarization. The size
of the Brewster angle windows prevented a complete spatial scan between the
electrodes when we optimized the laser polarization to MaxiL_1se the light
scatter detection so that we only show scattering fot regions near the two
electrodes. The ground electrode is Labeled at position zero and the rf
electrode is labeled at position 22 ma in the following figures.

RESULTS ~-4
A typical Light scattering result is shown in figure 1. This figure

shows light scattering with 500.0 nm radiation of 10 a duration and a maui--
mum energy of 0.1-0.2 mi. The focal spot size was - 0.1 -m diameter and
scattering from the electrodes only occurs in the closest 0.25 sm zone,
which Is excluded frem the following figures. The discharge conditions of
figure I were 52 3194 in argon, 3 W in power, and a pressure of 0.50 tort.
The electrodes have unequal areas because of a ground screen confining the
plans and a bias of -40 V builds up on the cathode. These discharge cone-
ditios@ yield ss-Si:Nl f ilm having typical II absorbance features.
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Figure 1: Ugh: scattering signal for 500 ml excitation. flow rates of
sil0M were: A - 35 @cgo. 5 - 40 scem. C -45 scem.

The scattering signals in (f ur I show qualitattvo differances
between the &nod* (electrical ground) and cathode (rf eLectrode) tor any
given Clow rate. The intensity of scattering is normalized in figure 1, but

N the intensity is greater at the cathode. The spatial extent of scattering
is much lose at the cathode than the anode, ad both electrodes show light
scattering at cea" distamme (- I m) from the electrode surfaces. it
addition. substructure cam be se tn the large peak mear the anode. As
demostrated in earlier weft (41, the location of the soin scattering peaks
io quite dependemt em the premare for a given flow rate and mole fraction
of SiLR4. This effect shoe a correspondence with the expected behavior of
plasm sheathe (4,61. The large Light scattering peak at the cathode shoes
a constant product of electrode displaeemat distance, d, end the pressure.
p, of 1.00 t .04 em tort ever the range 0.6 to 0.3 terr (41. We have inter-
preted this behavior as demostrating the imprtanc, of the too sheath boun-
dary In defliig a soee for particle growth. In this paper we will present
more data to further understood the existence of the sharp spetial profiles.I !t

The data io figure I show particle scattering for several flow rates at
constant proes and nole tractiem. Additional data with flows as low as
25 taem confirm a dramatic dependence of particle light scattering signal on

177

e. r %

% %..



1.-0~~ A..50 .

Axia Postion(mm

figue 2 Liht sattrin for2514 ecittion Noe factins f slon

wit dcrasngflw aiFow Prat iohnge alafethepiioan
Innigu of light scattering siorl 251.4 ectten smale peakscose o the

0.052 Trgno harp settrin eak 0cra b0 fucthm undorsand byoero

batt . Tii he cuhe dishrge noaraes abohe the niele.o

fdostrabt.n The din atebrigosinal Whn ree neale lfratithnialy
wdtcreraing flm o rat.2 Flowre angceae aof arfecle positetnand

sile withrod e c hane torge qealiaiefetr f ek.lih et

toThg ep to ha p scat 2,teingpes ofn butherpeukdersedod bnth

ba4towd iithermde the discharg mer sh prgrssthe elcrne at sal
firitioneow03 are miate bn argrWen 2iorte aloe fractiofs are
diereoin frTh t .,teeis dtw as otiewincre1.4as ofightie scattering ore

sid trucrk thsem midd cattern toischaresThe progrebysive changes at mole r.:
doeecion wavelength. The photomeitplier gain for tha atoo flursec
signal wa 12 time larger than the light scattering signal. The chag

%4.

Jk..W



7~ ~ ~ =.; -7 7*,7

AA

3'.

2 4 6S

AXIA PUMN(m

T igs3 ih cteigadslcnao loecnefr214mect
cln Cniiosa i iur . .Te ih satrigt

cure ad comflorscncetocuveS. L~neml tacino

$iue3 Lgtatt ring and sior ion t fluorescencTe f~o 2mo.e -facita

of 0.05% has curve D for scattering (none observable) and C for
atom fluorescence.

from 0.452 to 0.32 silane Shown in figure 2 shows a progressive diminution
of the peak (data at 0.42 and 0.352 are not show). The data for 0.22 and
0.12 allow both show a well defined peak at 3.5 vmthat on an expanded
scale is - 47 tiews Smaller than the peak for 0.45%. The signal at 0.052
silane shows no scattering features, which mans that any scattering signal
is loe than - 700 time the large peak for 0.452 (our current soiae limit).

The preceding figures reinforce the Importance of partcles In rf
plasuss of silane. The direct relationship of these particles to the
creation of silicon atoos was discussed is our accompanying paper 1 51.* The
comparison of spatial profiles of silicon atom concentration and particle
'Light scattering, yields som now Insight into these signals. FIgurq 3a
shows light scattering and silicon atom concentration for 0.22 silane. Both
signals show a small peak at the 3.5 mn point that is tentatively postulated
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as the Iao sheah boundary. The 0.2, 0.22. and 01 curves show very s13-
% at" behavir~o for particle sectering and atomic siglms, although comlete ...

spatial means would be needed to achieve curvature comparisons by ormal-

izasion of the data. to contrat, figure 3b shows coeparison at 0.45X and
O.OS silame that exhibit a divergence between silicon &ton spatial profiles
and light scattering spetial profiles. Qualitatively, we conclude that
spatial scans show a good spatial correlation of silicon atom signals with
particle light scattering at mole fractions greater than 22 and less than
0.3Z (except for the limiting behavior at 0.052). The two processes of
creactin astos by particle absorption and scattering laser light probably
probe two different aspects of the particle distribution which my account
for different spatial distributions at soem mole fractions.

The experimental study of Light scattering with short duration pulsed
lasers does show a linear power dependence for particle light scattering
done with 500.0 an and llme concentrations of 52. The corresponding power
study has yet to be dome ia the ultraviolet, and a tvo-color, two-lamar
exper I t is being plaed to separate the effects of probe power frm--
laser power. Tentatively, the demonstration 151 of a linear dependence of
silicon atom signal on laser energy at powers above a threshold region is
Interpreted as particle absorption followed by atom separation. The linear
dependence of the Light scattering signal extends to low powers, which -"-

suggests that grosa particle fragmentation into smller particles is not
important for this waveLength and power ranges that are ten times larger
than the ultraviolet.

OMS SSION ' ".-"oI o.."ss-."

The concepts of particle nucleation and growth can be quaLitativeLy
applied to our observationa. The composition of the particles is not yet
known, but we will use a working hypothesis that electron and hydrogen aton
impact serve to reduce the hydrogen content of a growing partIcle to yield
SLmn with a/c < t. The hydrogen content of particles could well be reduced
under some coditions into the range achieved by surface processes involved
in amorphous file formation, although proof of particle composition awaits
extension of car experiments.

The data in figure 2 that show spatial changes of particle light scat-
teritng with mole fraction of silane ts compatible with general concepts of
nucleation and growth. The Lowest mole fraction of 0.052 ha negligible
light scattering at our current limit of detection, yet 0.01Z silane shows
particle scattering in the middle of the bulk plasm. This observation is
compatible with achieving sufficient radical concentrations to allow nucle-
ation and greth of particles in competiton with destruction by electron
Impect. & full special profile extending to the cathode ts needed to examine
the Importance of electrode asymmetry in the nucleation process. It is
possible thee larger electron densities and onergles at the cathode are
responsible for iitiacting nucleation. Independent of the question of
spatial origin of nucleation, figure 2 shows that successively increasing
mole fractioms of *llae increase the light scattering intensity and spatial
extent in the bulk plasma and also create a small scattering siguaL at the
postulated location of the ion sheathe. If we recognise that the electron
energy distribution n y, have high energy components at the ion sheath boum-

* day, them a second process of nucleation and growth can easily be inititcd
at the ton sheath. The Increasing dominance of particle light scattering at
the sheath boundary with Increasing llame mole fraction can be seen in the
transition from 0.32 and 0.45Z. Understanding this transition requires both
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models and more Indormtion on number density versus size. The light seat-
tering signal for particle sizes below the Hie particle limit (- 40 ne) is a
simple product of number density and the square of particle volume. The
rapid change i scattered signal strength at the sheathe to most likely
correlated with rapid growth to larger sized particles. tf this is the case,
then the sheath boundary becous the met important location for particle
growth because the particle destruction rate becomes much smaller than the
radical creation and particle growth rates at suffclently large radical
concentrations. Once a larger particle asiz distribution is established, it
can then grow preferentially, as seen by the dramatic change in scattering
intensity with flow rates (figure 1). We are beginning to formulate particle
growth models based on these qualitative ideas and experimental results. Nw
experiments to determine particle sizes, compositions, and number densities
will be crucial for testing models.

The observation of silicon stow creation by particle absorption of
pulsed lear radiation is potentially a very useful probe. While our current
understanding of this linear energy absorption process needs more expertmn-
tal refinement, we can propose two new applications for the process. One
expertmenc will use the wavelength dependence of absorption to probe particle
composition by using the efficiency of atom creation as a probe of eLectronic
absorption. Another experiment could use the mechanism of particle absor-
piton to probe particle sze distributions and number density as a function
of spatial Location. This technique depends on the ultimata correctness of

'the conjectured absorption mechanism as being proportional to a product ofparticle number density times particle volume. This reasonable absorption
mechanism, combined with the particle scattering efficiency as a product of
number density and volume squared, can be used in simple ratios to identify
spatial profiles of particle sizes and number density. Further experimental
and theoretical work will be necesary to establish the ultimate promise of
these proposed techniques.
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